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SETUP OF THE SIMULATIONS 
• included a TM (tune modulation) element in SixTrack+collimation

• The element can be either a quadrupole or a dipole. The element 
type is recognized by its name (TM_QUAD or TM_DIP)

• New format for the collimator DB entry
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strength

Dipole: the kick is given by strength*length 
Quadrupole: the gradient is given by strength*length 

ELEMENT DEFITION

3



multiplication factor

The frequency of the element is the mult. factor * tune
Dipole: =1 , Quadrupole: =2

Dipole: the kick is given by strength*length 
Quadrupole: the gradient is given by strength*length 
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tune sweeping

The frequency 
sweep has the 

same parameters 
as for the e-lens

The frequency of the element is the mult. factor * tune
Dipole: =1 , Quadrupole: =2

Dipole: the kick is given by strength*length 
Quadrupole: the gradient is given by strength*length 
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polarity switch

The frequency of the element is the mult. factor * tune
Dipole: =1 , Quadrupole: =2

Dipole: the kick is given by strength*length 
Quadrupole: the gradient is given by strength*length 

The frequency 
sweep has the 

same parameters 
as for the e-lens

polarity switch: if true the polarity of the element can 
be inverted (i.e. invert the current verse)

Dipole: true , Quadrupole: false 6



ADDITIONAL OUTPUTS

new flag in the code to activate additional outputs for the TM elements. 
In case the flag is true the coordinates of the particles (both physical and 

normalized) are saved at each passage from the TM element. Files are 
saved in binary.

file tm.dat

file tm.norm.dat
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CASES SIMULATED 

• inputs are as much as possible similar to the electron lens 
simulations (n. particles, distribution, n. turns)

• the quadrupole gradient has been chosen so that the tune 
spread is of the order of 10-4

• the dipole strength has been chosen to match the ADT 
capabilities

• dipole can invert its polarity, for quadrupole both cases have 
been tested
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TUNE MODULATION
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Selecting particles using the tune spread given by octupoles



TUNE MODULATION
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results are 
very similar 
(as in e-lens 

case)

Selecting particles using the tune spread given by octupoles



THE DIPOLE

the excitation is very 
effective! lost all the 

particles in 
about 200 turns.

(for both excitation 
patterns)

• First trial: full power ADT capabilities @ 7 TeV: 0.2 urad/turn

• Dipole excitation frequency nω0 in resonance with the tune 
(multiplication factor n=1)
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too?



HOW ABOUT THE CORE?
• Tried to simulate the core (between 0 and 2 σx) of the beam in the same conditions. 

• The tune does not perfectly match the beam tune, but still induces large oscillation 
amplitudes in the core (up to 10-15 σx).

• All the particles are lost in about 200 turns. 

from 0.5 to 6 sigma in about 200 turns 13



DECREASING THE STRENGTH?
• since the core particle are not in perfect resonance condition, 

decreasing the dipole strength could decrease their oscillation 
amplitude

cleaning time is much longer (x5e4)

effect on the halo
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DECREASING THE STRENGTH?
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• since the core particle are not in perfect resonance condition, 
decreasing the dipole strength could decrease their oscillation 
amplitude

effect on the core

still losing the 
core particles!



DIPOLE DOES NOT SEEM TO 
BE A VIABLE OPTION
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QUADRUPOLE
• quadrupole have been tested with and without inversion of polarity

• scraping efficiencies are lower than e-lens in both cases
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maybe a 
different tune 
pattern should 

be used



INITIAL VS FINAL 
DISTRIBUTION
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no hard edge as in e-lens 



FINAL DISTRIBUTIONS: 
E-LENS VS QUAD
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unlike elens, 
low amplitude particles 
are also heavily affected

no hard edge 
as in e-lens 

effect on the core emittance 
must be checked!



STILL TO EVALUATE: EXPECTED 
EMITTANCE INCREASE OF THE CORE 
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Quadrupole modulation results are 
comparable with electron lens results 

(even if a factor 2-3 less efficient)

Quadrupole modulation results are 
comparable with electron lens results 

(even if a factor 2-3 less efficient)


